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ABSTRACT
We report the results of an XMM-Newton and NuSTAR coordinated observation of the Supergiant Fast X–
ray Transient (SFXT) IGR J11215–5952, performed on February 14, 2016, during the expected peak of its brief
outburst, which repeats every ∼165 days. Timing and spectral analysis were performed simultaneously in the
energy band 0.4–78 keV. A spin period of 187.0 (±0.4) s was measured, consistent with previous observations
performed in 2007. The X–ray intensity shows a large variability (more than one order of magnitude) on
timescales longer than the spin period, with several luminous X–ray flares which repeat every 2-2.5 ks, some of
which simultaneously observed by both satellites. The broad-band (0.4-78 keV) time-averaged spectrum was
well deconvolved with a double-component model (a blackbody plus a power-law with a high energy cutoff)
together with a weak iron line in emission at 6.4 keV (equivalent width, EW, of 40±10 eV). Alternatively, a
partial covering model also resulted in an adequate description of the data. The source time-averaged X–ray
luminosity was 1036 erg s−1 (0.1-100 keV; assuming 7 kpc). We discuss the results of these observations in the
framework of the different models proposed to explain SFXTs, supporting a quasi-spherical settling accretion
regime, although alternative possibilities (e.g. centrifugal barrier) cannot be ruled out.
Subject headings: accretion — stars: neutron — X–rays: binaries — X–rays: individual (IGR J11215–5952)
1. INTRODUCTION
The last decade has witnessed an important advance in un-
derstanding high mass X–ray binaries (HMXBs), thanks to
the discovery of Supergiant Fast X–ray Transients (SFXTs;
Sguera et al. 2005; Negueruela et al. 2005) during INTE-
GRAL (Winkler et al. 2003, 2011) monitoring observations of
the Galactic plane at hard X–ray energies, above 20 keV.
SFXTs are celestial objects characterized by outbursts of
brief duration (with the brightest phase typically concentrated
in one day) made of a sequence of luminous X–ray flares
(normally reaching 1036-1037 erg s−1), each flare lasting a
few thousand seconds at most. SFXTs are associated with
early-type supergiants, making them a subclass of HMXBs.
Their X–ray properties were quickly recognized as a chal-
lenge to the accretion models: apparently, SFXTs share sim-
ilar properties (donor spectral type, orbital geometry, neutron
star spin periods) to classical persistent HMXBs hosting su-
pergiant stars, except for their extremely variable X–ray be-
haviour (see, e.g., Sidoli 2013; Walter et al. 2015).
Their bright X–ray flares are typically sporadic and rare, oc-
curring with a very low duty cycle which ranges from 0.01%
to 5% at most (Paizis & Sidoli 2014). The time-averaged
X–ray luminosity is below 1034 erg s−1 (Sidoli et al. 2008;
Bozzo et al. 2015).
Although some SFXTs with measured orbital periods show
outbursts more frequently near periastron, the occurrence of
an SFXT flare in most cases cannot be predicted. The excep-
tion is IGR J11215–5952,which is the only source of the class
that undergoes outbursts periodically (Sidoli et al. 2006), ev-
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ery ∼165 days (Sidoli et al. 2007; Romano et al. 2009). This
periodicity is interpreted as due to the orbital period of the
system. Sidoli et al. (2007) suggested that its clocked and
brief outbursts are produced by enhanced accretion when the
neutron star of the system crosses the focussed outflowing
wind along a plane inclined with respect to the orbit near pe-
riastron passage.
Its optical counterpart, HD 306414, is a B0.5 Ia star, lo-
cated at a distance d & 7 kpc (Lorenzo et al. 2014). The high
resolution optical spectroscopy suggests a high orbital eccen-
tricity (e>0.8, Lorenzo et al. 2014). IGR J11215–5952 is also
an X–ray pulsar (Pspin=187 s; Swank et al. 2007), a property
which makes this SFXT a laboratory to unveil the accretion
mechanism driving the SFXT behaviour.
In this paper, we report on an XMM-Newton observation
coordinated with NuSTAR of IGR J11215–5952 performed in
February 2016, aimed at investigating the broad-band spec-
trum searching for cyclotron absorption lines, to directly mea-
sure the neutron star magnetic field, and disentangle between
competing models proposed to explain the X-ray behaviour
of SFXTs. A monitoring with Swi f t allowed us to place these
observations within the context of the whole outburst. We as-
sume a source distance of 7 kpc (Lorenzo et al. 2014).
2. OBSERVATIONS AND DATA REDUCTION
2.1. XMM-Newton
The XMM-Newton Observatory (Jansen et al. 2001) car-
ries three X–ray telescopes, each with an European Photon
Imaging Camera (EPIC; 0.4-12 keV) at the focus: two with
MOS CCDs (Turner et al. 2001) and one with a pn CCD
(Strüder et al. 2001). Reflection Grating Spectrometer (RGS;
0.4-2.1 keV) arrays (den Herder et al. 2001) are placed at two
of the telescopes.
The XMM-Newton observation targeted on IGR J11215–
5952 started on 2016 February 14 at 21:25 and ended the day
after at 03:36, resulting in net exposure times of 22 ks and
15.5 ks for the MOS and the pn, respectively. All EPIC cam-
eras were operated in small window mode and adopted the
2medium filter.
We reduced the data using version 15.0.0 of the Science
Analysis Software (SAS) with standard procedures and the
most updated calibration files. We used the HEASoft version
6.18 to perform the data analysis.
At first, we extracted EPIC source counts from circular re-
gions of 30′′ radius, adopting PATTERN selection from 0 to
4 in the pn and from 0 to 12 in MOS spectra. We evaluated
the possible presence of pile-up in EPIC data with epatplot,
finding moderate pile-up only in MOS data. This suggested
to excise the core of the PSF in both MOS data, extracting
MOS1 and MOS2 spectra from annular regions with inner
radius of 5′′and an outer radius of 30′′. Background spec-
tra were obtained from similar sized regions offset from the
source positions. The full exposure time was exploited and
no further filtering was applied to the data.
The SAS task rgsproc was used to extract the RGS1 and
RGS2 spectra, which were later combined into one single
grating spectrum using rgscombine present in the SAS.
Appropriate response matrices were generated using the
SAS tasks arfgen and rmfgen. EPIC spectra were analysed
in the energy range 0.4-12, while the RGSs, which operated
in spectroscopy mode (den Herder et al. 2001), were analysed
in the range 0.4-2.1 keV.
To ensure applicability of the χ2 statistics, the spectra were
rebinned such that at least 20 counts per bin were present.
Free relative normalizations between the spectra were in-
cluded to account for uncertainties in instrumental responses,
always fixing at 1 the normalization of the EPIC pn spectrum.
Spectral uncertainties are given at 90% confidence for one in-
teresting parameter.
In the spectral fitting we used the photoelectric absorp-
tion model TBABS in XSPEC adopting the interstellar abun-
dances of Wilms et al. (2000) and photoelectric absorption
cross-sections by Balucinska-Church & McCammon (1992).
The final, time-averaged, source net count rates were the
following: 5.67±0.02 counts s−1 (EPIC pn), 1.143±0.007
counts s−1 (MOS1, PSF core excised), 1.130±0.007
counts s−1 (MOS2, PSF core excised), 0.027±0.001
counts s−1 (combined RGS1 and RGS2 1st order spectra).
The high absorption towards the source (column density,
NH , around 10
22 cm−2) implied significant detection in the
RGSs only above 1 keV. This limited the available RGS band
to the range 1-2 keV. The low statistics leave us with an appar-
ent featureless RGS spectrum. Therefore we will not discuss
it further in the paper.
2.2. NuSTAR
IGR J11215–5952 was observed by NuSTAR as part of the
joint XMM-Newton/NuSTAR programme approved during
XMM-Newton Announcement of Opportunity AO14, with
the main aim of searching for cyclotron lines.
NuSTAR observations started on 2016 February 14 at 17:11
and ended the day after at 05:01, for a net exposure time of
20.3 ks.
The Nuclear Spectroscopic Telescope Array (NuSTAR,
Harrison et al. 2013) is the first focusing hard X-ray telescope
above 10 keV and was launched in 2012. It carries two iden-
tical co-aligned telescopes that focus X-ray photons onto two
independent Focal Plane Modules, called A and B (hereafter
FPMA and FPMB). Each FPM contains four (2×2) solid-state
cadmium zinc telluride (CdZnTe) pixel detectors which pro-
vide a spatial resolution of 18′′ (full width at half maximum,
FWHM), a spectral resolution of 400 eV (FWHM) at 10 keV,
and a 12′×12′ field-of-view (FOV). The effective area is cal-
ibrated in the energy range 3-78 keV (Madsen et al. 2015).
The low satellite orbit (with a ∼90 minute period) produces
data-gaps lasting about 30 minutes every orbit in the NuSTAR
observations.
We processedNuSTAR data (obsID 30101008002)with the
version 1.5.1 (2015, June 9) of the NuSTAR data analysis
software (NuSTAR DAS), using CALDB version 20150316.
Spectra and lightcurves were extracted with nuproducts on
the cleaned event files. Circular extraction regions with a
60′′ radius were used around IGR J11215–5952 and for the
background, well away from the point-spread function (PSF)
source wings. NuSTAR observation was not contaminated by
any stray-light produced by sources outside the FOV. Since
the backgroundwas stable and constant along the observation,
no further filtering was applied. NuSTAR source light curves
with arrival times corrected to the Solar System barycen-
ter have been extracted with the NuSTAR DAS tool nuprod-
ucts and “barycorr=yes”. When needed, good-time intervals
(GTIs) were generated using xselect and then running nuprod-
ucts using the “usrgtifile” keyword, to correctly extract the
temporal selected spectra.
The source net count rates were the following (3-78
keV): 1.783±0.009 counts s−1 (FPMA) and 1.678±0.009
counts s−1 (FPMB). Spectra were rebinned in order to have
at least 20 counts per bin to ensure the applicability of the χ2
statistics. Spectra from FPMA and FPMB were simultane-
ously fitted in XSPEC, without merging them together. Cross-
calibration constants were used during the spectral analysis to
take into account calibration uncertainties.
The same procedure was used when XMM-Newton and
NuSTAR spectra were jointly fitted together.
2.3. Swi f t
After acceptance of the joint XMM-Newton/NuSTAR
AO14 observations, we asked for a monitoring with Swi f t
around 2016, February 14. Five snapshots (2 ks duration
each), from 2016, February 11 to February 19 were per-
formed, with the main aim of monitoring the source light
curve to put the XMM-Newton and NuSTAR IGR J11215–
5952 intensity into context of the outburst evolution.
The Swi f t/XRT source light curve (Fig. 1, upper panel) was
built making use of the XRT data products generator available
at the UK Swi f t Science Data Centre (Evans et al. 2007).
3. ANALYSIS AND RESULTS
3.1. Light curves
In Fig. 1 we show the source light curve observed by Swi f t,
NuSTAR and XMM-Newton during the outburst. In particu-
lar, the Swi f t monitoring demonstrates that bothNuSTAR and
XMM-Newton observations caught the transient at its peak, as
expected.
In Fig. 2 we show only the light curves as observed by
XMM-Newton (EPIC pn, 0.4-12 keV) and NuSTAR (FPMA,
for clarity, 3-78 keV) binned on the known spin (187 s, see be-
low), to avoid variability due to the neutron star rotational pe-
riod. The intensity variability is large, in excess of one order
of magnitude. The uninterrupted XMM-Newton light curve
clearly shows that each satellite gap in the NuSTAR observa-
tion is actually filled by bright flares, repeating on a timescale
of 2-2.5 ks.
We performed timing analysis on EPIC (all three cameras,
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FIG. 1.— IGR J11215–5952 light curves during the 2016 February outburst,
observed by three different satellites: Swi f t/XRT (PC mode, 0.3-10 keV),
NuSTAR (FPMA, 3-78 keV) and XMM-Newton (EPIC pn, 0.4-12 keV). Time
is in units of seconds from the first Swi f t/XRT observation performed on
February 11.
2-12 keV) and NuSTAR data (FPMA and FPMB, 3-78 keV)
after correcting arrival times to the Solar System barycen-
ter, applying epoch folding techniques (Leahy et al. 1983)
to measure the known neutron star spin period. We deter-
mined a periodicity of 187.0±0.4 s, consistent with what ob-
served in 2007 with XMM-Newton (Sidoli et al. 2007) and
with RXTE/PCA (Swank et al. 2007).
In Fig. 3 we show the pulse profiles extracted from the
strictly simultaneousXMM-Newton andNuSTAR data, in dif-
ferent energy ranges, together with four hardness ratios. The
pulse profile is energy dependent, being dominated by an
asymmetric main peak below 12 keV, which becomes sym-
metric at harder energies. The hardness ratios display dif-
ferent behavior along the pulse phase, as show in the lower
panels in Fig.3.
The pulsed fraction, PF, calculated as
PF ≡ (Fmax−Fmin)/(Fmax+Fmin), where Fmax and Fmin
are the count rates at the maximum and at the minimum of
the pulse profile, respectively, increases with energy, from
24± 3 % (0.4-3 keV) to 60± 14 % (20-78 keV). Over the
whole XMM-Newton energy band PF=26 ± 2 % (0.4-12
keV), while PF=29± 3 % over the whole NuSTAR band
(3-78 keV).
3.2. Spectra
3.2.1. Time-averaged XMM-Newton and NuSTAR spectrum
We extracted NuSTAR spectra overlapping in time with the
whole XMM-Newton observation, to investigate the broad-
band (0.4-78 keV) time-averaged IGR J11215–5952 emis-
sion. This translated into a net exposure time of ∼9 ks for
each NuSTAR FPM.
The joint fit of the five spectra (EPIC pn, MOS1, MOS2,
FPMA and FPMB) with a single absorbed power-law model
provided unacceptable results (χ2
ν
=2.89 for 3292 degrees of
freedom, dof; Fig. 4), because of an evident rollover at hard
energies, together with a soft excess (below 1.5 keV) and pos-
itive residuals at ∼6.4 keV, consistent with a Kα emission
line from neutral iron. We tried different double-component
continuum models. The best-fit was obtained adopting a
blackbody (with a temperature, kTBB, of ∼1.6 keV, and a
radius, RBB, of a few hundred meters, calculated assuming
a distance of 7 kpc), together with a hard power-law (pho-
TABLE 1
BROAD-BAND TIME-AVERAGED SPECTRUM (0.4–78 KEV).
Parameter Model 1 Model 2
NH (10
22 cm−2) 1.05± 0.06 1.27+0.07
−0.09
NHpcfabs (10
22 cm−2) none 4.5+0.6
−0.9
fpcfabs none 0.51± 0.04
kTBB (keV) 1.61
+0.06
−0.07 none
RBB (m) 460± 30 none
Γ
a 0.56+0.08
−0.11 0.97
+0.11
−0.08
Ecut (keV) 9.7
+0.9
−1.0 5.5
+0.8
−0.4
E f old (keV) 14.3± 1.4 15.3
+1.8
−1.4
Eline (keV) 6.44
+0.03
−0.03 6.45
+0.03
−0.03
σline (keV) < 0.09 < 0.09
Fluxline (ph cm
−2 s−1) (3.2± 0.8)×10−5 (3.2+0.9
−0.4)×10
−5
EWline
b (eV) 40± 10 41+12
−5
Fluxc (erg cm−2 s−1) (1.7±0.1)×10−10 (1.8±0.1) ×10−10
Luminosityc (erg s−1) (1.0±0.1) ×1036 (1.1±0.1) ×1036
χ2
ν
/dof 1.042/3285 1.057/3285
NOTE. — a Power-law photon index.
b Equivalent width.
c Fluxes (corrected for the absorption) and luminosities are in the energy
range 0.1–100 keV. The flux reported for Model 2 is corrected for both ab-
sorbing components.
ton index, Γ, of 0.6) modified by a cut-off at high energy
(hereafter PLCUT), defined as M(E)=(exp[(Ecut −E)/E f old])
when E≥ Ecut , while M(E)=1 at E≤ Ecut . An additive Gaus-
sian line in emission around 6.4 keV was also needed. The
results are reported in Table 1 (Model 1) and shown in Fig. 5.
The presence of a blackbody component was already known
from previous XMM-Newton observations of IGR J11215-
5952 performed in 2007 (Sidoli et al. 2007) and it usually ac-
counts for soft excesses detected in several accreting pulsars
(La Palombara & Mereghetti 2006). We also tried an alterna-
tive decomposition of the broad-band spectrum, replacing the
blackbody component with a partial covering fraction absorp-
tion (PCFABS model in XSPEC). This model consists of an
additional intrinsic absorption (NHpcfabs) with a covering frac-
tion fpcfabs (0< fpcfabs < 1), so that the continuum is:
Intensity= e−σNH [fe−σNHpcfabs + (1− f)] (IPLCUT),
A partially covered PLCUT model (hereafter Model 2) pro-
vided an equivalently good description of the data.
Note that consistent spectral results were obtained from
strictly simulataneous XMM-Newton and NuSTAR time-
averaged spectra, but we considered here the whole XMM-
Newton exposure time to better constrain the parameters of
the iron emission line.
3.2.2. Temporal-selected spectroscopy
Cyclotron resonant scattering features (CRSFs) in X–ray
pulsars with standard neutron star magnetic fields (a few
1012 Gauss) can be detected in the X–ray spectrum at energies
E>10 keV. Thus, in principle, if they are strong enough also in
IGR J11215–5952 they should be found in the NuSTAR spec-
tra alone. Therefore, we started concentrating on NuSTAR
data only, extracting spectra from the peaks of the flares, as
shown in Fig. 2 (numbers in the lower panel).
When fitting NuSTAR data only, the soft blackbody compo-
nent that was evident in the broad-band time-averaged spec-
trum (Sect. 3.2.1) could not be constrained, as well as the ab-
sorption column density and the iron emission line (this lat-
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FIG. 2.— IGR J11215–5952 light curve during the February 2016 outburst observed by EPIC pn (upper panel; 0.4–12 keV) and NuSTAR FPMA (lower panel;
3-78 keV). The bin time is 187 s which is its pulsation period. Numbers indicate the sequence of flares in NuSTAR observation (same numbers used in the
temporal-selected spectroscopy). The small horizontal lines under the numbers approximately indicate the exposure times of each flare spectrum.
ter is evident only in the time-averaged spectrum). Since we
were interested in searching for absorption features at hard
energies (E>10 keV), we preferred not to include the black-
body component and the iron line in the spectral model. The
absorbing column density was a free parameter in the fit. In
this manner, it naturally converged to very high (and unreal-
istic) values, with respect to the time-averaged spectroscopy
of XMM-Newton and NuSTAR simultaneous data. As a first
attempt, we simply adopted this absorbed PLCUT model as
a pure phenomenological and statistically acceptable descrip-
tion of the continuum emission. The results from fitting the
eight time-resolved 3-78 keV spectra in this way are reported
in Table 2.
In some of these spectra, negative residuals appeared at en-
ergies between 15 and 40 keV. To account for these absorp-
tion features, we modified the PLCUT continuum multiply-
ing it with a cyclotron absorption model (CYCLABS in XSPEC
package). At first, we calculated the line significance by in-
creasing the ∆χ2 value until the confidence region boundary
of the depth (Depthcycl in Table 3) of the cyclotron line crosses
0. The significance of these lines was greater than 2 σ in five
(of eight) spectra (flares number 1, 2, 3, 4 and 6), so we have
reported absorption line parameters only for these spectra in
Table 3 for clarity. The absorption lines were measured with
a significance ranging from σ=2.3 to σ=4.4 (with CYCLABS
model), with the best value obtained during the first flare ob-
served by NuSTAR. The centroid energy was different: in
spectra n. 1, 4 and 6 the feature was in a narrow range around
17-18 keV, while during spectrum n. 3 it was at ∼33 keV. In
spectrum n. 3 the line at ∼17 keV was undetected: we could
place an upper limit (Depthcycl. 0.18 ) to the depth of the CY-
CLABS line with the centroid energy fixed at 17 keV (and line
width of 2 keV).
In order to test the significance of the absorption line,
since the F-test could bring unreliable results (Protassov et al.
2002), we exploited Monte Carlo simulations to confirm the
presence of the cyclotron line in spectrum n.1 (our best case,
Fig. 6), following the approach described by several authors
(Bhalerao et al. 2015; Lotti et al. 2016; Barrière et al. 2015).
We used the simftest routine in XSPEC with 100000 simula-
tions6, fixing the NH to the values reported in Table 3 to speed
6 The simftest is a script that tests for the presence of an additional compo-
nent simulating N fake spectra based on the model without such component.
It then fits the spectra with both the models with and without the additional
component registering the∆χ2 and comparing it with the∆χ2 obtained with
the real data to obtain the probability of a false detection.
5FIG. 3.— IGR J11215–5952 pulse profiles (period P=187 s; MJD 57432 is the epoch of φ=0) in different energy ranges are shown, as observed simultaneously
by XMM-Newton (EPIC pn, left panels) and by NuSTAR (FPMA for clarity, right panels). Four hardness ratios are displayed, calculated in the following energy
ranges: HR1=(3-6 keV)/(0.4-3 keV); HR2=(6-12 keV)/(3-6 keV); HR3=(12-20 keV)/(6-12 keV); HR4=(20-78 keV)/(12-20 keV).
TABLE 2
TIME-RESOLVED SPECTROSCOPY (3–78 KEV), FITTING ONLY NuSTAR DATA OF THE FLARE PEAKS.
Parameter Spec. 1 2 3 4 5 6 7 8
NH (10
22 cm−2) 7+5
−4
8± 3 6± 3 5+6
−5
9± 4 9± 4 5+6
−5
3+6
−3
Γ 1.4+0.5
−0.3 1.6
+0.2
−0.2 1.04
+0.22
−0.22 1.27
+0.37
−0.30 1.69
+0.15
−0.61 1.64
+0.11
−0.10 1.6
+0.4
−0.7 1.28
+0.19
−0.60
Ecut (keV) 6± 6 7
+3
−2
3+4
−3
7+5
−7 15
+8
−15
22+13
−3
9+14
−9
8+5
−8
E f old (keV) 27
+35
−8
33+20
−13
15+5
−3
25+22
−8
40+50
−20
19+28
−19
30+40
−12
20+9
−9
F (10−10 erg cm−2 s−1)a 3.0±0.3 3.6±0.4 2.5±0.2 3.2±0.3 4.6±0.3 3.1±0.2 2.3±0.7 1.7±0.2
L (1036 erg s−1) a 1.8±0.2 2.1±0.2 1.5±0.1 1.9±0.2 2.7±0.2 1.8±0.1 1.3±0.4 1.1±0.1
χ2
ν
/dof 1.046/239 0.949/347 0.998/282 1.121/155 0.900/164 0.887/160 0.602/89 0.839/94
NOTE. — a Fluxes (corrected for the absorption) and luminosities are in the energy range 1–100 keV.
6TABLE 3
SAME AS TABLE 2 (NuSTAR ONLY), CONSIDERING ONLY FLARE PEAKS 1,2,3,4 AND 6, WHERE THE INCLUSION OF AN ABSORPTION FEATURE
RESULTED IN A LINE SIGNIFICANCE LARGER THAN 2 σ.
Parameter Spec. 1 2 3 4 6
NH (10
22 cm−2) 10± 3 7+4
−7 6± 4 4
+6
−4
6+4
−4
Γ 1.6+0.2
−0.2 1.40
+0.19
−1.39 1.4
+0.3
−0.4 1.15
+0.31
−0.32 1.49
+0.14
−0.14
Ecut (keV) 19
+4
−9
6.3+2.2
−6.3 7
+4
−7
6.4+1.8
−6.4 20
+3
−3
E f old (keV) 21
+21
−8
27+16
−13
31+95
−15
23+12
−7 15
+9
−5
Depthcycl
a 0.44+0.18
−0.17 0.16
+0.16
−0.11 0.74
+2.9
−0.46 0.38
+0.31
−0.26 0.46
+0.27
−0.25
Ecycl
a (keV) 16.7+1.0
−0.9 15
+3
−5
32.5+4.2
−3.4 18.0± 1.0 17.2± 0.7
Widthcycl
a (keV) 2.6+3.2
−1.5 1.6
+14
−1.6 4.9
+11.3
−4.9 1.0
+2.4
−1.0 1.0
+1.2
−1.0
Line Signif.b 4.4 σ 2.3 σ 2.7 σ 2.5 σ 3.25 σ
χ2
ν
/dof 1.012/236 0.942/344 0.984/279 1.103/152 0.837/157
NOTE. — a CYCLABS model in XSPEC.
b This line significance was calculated by increasing the∆χ2 value until the confidence region boundary of the depth (Depthcycl ) of the cyclotron line crosses 0.
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FIG. 4.— Time-average broad-band spectrum, using EPIC and NuSTAR
data. Count spectra are shown together with the residuals (in units of stan-
dard deviation) with respect to a simple absorbed power law, to clearly show
the structures in the residuals. EPIC spectra are marked in black (pn), red
(MOS1) and green (MOS2) colors, NuSTAR spectra in blue (FPMA) and in
pale blue (FPMB).
up the process, and found that the probability of such line to
be required by the data is P = 99.15% for spectrum n. 1,
corresponding to 2.63 σ (normalized to 8 trials). The signif-
icance of the line did not improve if a blackbody component
was included in the fitting model to flare n.1 spectrum, with
a temperature, radius and absorption fixed to the broad-band
time-averaged values.
To obtain a global view of the source behavior as observed
byNuSTAR, we combined together the two FPM source event
files and built an “Energy versus Time” plot, that was then
normalized to the time-averaged NuSTAR spectrum and the
energy-integrated light curve. Each pixel of this image repre-
sents the count rate in a 187 s time interval and 1 keV energy
bin, divided by the time averaged count rate in the same en-
ergy bin during the whole observation and by the ratio of the
3-40 keV rate in the same time inteval and in the full obser-
vation. The result is shown in Fig. 7: the different colors in
the image mark the residuals of the source counts at differ-
ent energies with respect to the time-averaged spectrum and
broad band light curve (color level at 1), along the NuSTAR
observation (the gaps due to the eight satellite revolutions are
clearly visible). We note that this is the only time where we
combined together the two NuSTAR FPMs (here not barycen-
tered) events, to get better statistics. From the visual inspec-
tion of Fig. 7, some dark horizontal lines (deficit of counts
with respect to the time-averaged NuSTAR spectrum) appear
in the first four satellite orbits, between 15 and 35 keV, con-
firming the hint of absorption features suggested by the spec-
tral analysis. We note that, although this plot is not able to
assess the significance of any negative residual, nevertheless
it shows that we did not miss other eventual spectral features
with our particular time (and intensity) resolved spectral ex-
traction.
A further spectral investigation was performed considering
flare peaks simultaneously observed by XMM-Newton and
NuSTAR. This led to four flare peaks (marked with numbers
4, 5, 6 and 7). We extracted strictly simultaneous spectra (0.4-
78 keV) and performed a new broad-band spectroscopy. We
adopted the same models used to fit the time-averaged 0.4-78
spectrum (Table 4). When required by the presence of nega-
tive residuals, we report also the fit results obtained with the
inclusion of a CYCLABS model, although in no case is the line
significant. We note that similar results were obtained using a
Gaussian line in absorption (GABS in XSPEC) instead of CY-
CLABS, and a Comptonization continuum model (COMPTT)
instead of a PLCUT model.
3.2.3. Not only flares: the lowest intensity state
To investigate the broad-band spectrum taken from the low-
est intensity state where simultaneous XMM-Newton and
NuSTARwere available, we accumulated a spectrum from the
valleys just before and after flare n. 4. A meaningful spec-
troscopy could be performed in the energy band 0.8-30 keV.
Also in this low luminosity state (LX∼3×10
35 erg s−1, 0.1-
100 keV, see below), a fit with a single absorbed power-law
revealed structured residuals, with a low energy excess and a
roll-over at high energy (Fig. 8). A simple double-component
model, with a power law plus a blackbody (equally absorbed),
already provided a good fit (χ2
ν
/dof=0.939/267) to the emis-
sion (0.8-30 keV), resulting in an absorbing column density
NH=2×10
22 cm−2, Γ=1.3, kTBB=1.3 keV and a blackbody ra-
dius RBB∼150 m. In order to compare the spectral properties
of the low state with other intensity states, we adopted both
Model 1 and Model 2, fixing both Fe line properties and the
power law cutoff to the time-averaged spectral shapes, since
in the low intensity state these latter were unconstrained. The
results are reported in Table 5, to be compared with Table 4
(flares) and Table 1 (time-averaged spectrum).
3.2.4. Spin-phase resolved spectroscopy
A spin-phase resolved spectroscopy was performed on
strictly simultaneous XMM-Newton and NuSTAR data. From
the hardness ratios reported in Fig. 3 a spin-phase resolved
spectral extraction driven by the source hardness would sug-
gest different spectral extractions, depending on the energy
bands adopted. So, we simply divided the pulse period into
five equally spaced intervals, and extracted five broad-band
(0.4-78 keV) spectra. Note that we tried also narrower or
broader spin-phase intervals, but we found that five is the
best compromise to map eventual spectral variability, given
the available counts statistics.
The same models adopted before (Model 1 and Model 2)
were applied to the five spectra resulting in the spectral pa-
rameters reported in Table 6 and summarized in Fig. 9. The
evolution of the intensity along the pulse profile is dominated
by the variability of the power-law flux (2-10 keV), while
the spectral variability seems to be mainly due to the power-
law slope, which is the hardest in the first spin-phase inter-
val (∆φ=0.0-0.2), although the significant variability of the
power law cutoff energy and of the blackbody parameters (in
Model 1) along the spin phase did not allow us a straightfor-
ward interpretation.
When adopting Model 2, Ecut and E f old parameters re-
mained constant along the pulse profile. For this reason, we
performed a second fit, fixing them to their mean value. We
show in Fig. 10 the resulting confidence contour levels of
the photon index and the additional absorbing column den-
sity partially covering the power law. The numbers indicate
the five spin-phase-intervals. In these fits, the covering frac-
tion in the five spectra was consistent with each other (within
90% uncertainty), in the range 0.52-0.67. Again, spin-phase
interval φ=0.0-0.2 showed a harder power law emission.
No significant negative residuals around 16-18 keV were
found during the spin-phase resolved spectroscopy.
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FIG. 5.— Time-average broad-band spectrum, using EPIC and NuSTAR data (only events overlapping in time with the XMM-Newton observation, as discussed
in Sect. 3.2.1). Count spectra are shown on the left together with the residuals (in units of standard deviation) with respect to the best-fit model reported in Table 1.
Photon spectra are displayed on the right. EPIC spectra are marked in black (pn), red (MOS1) and green (MOS2) colors, NuSTAR spectra in blue (FPMA) and
in pale blue (FPMB).
TABLE 4
BROAD-BAND (0.4-78 KEV) SPECTROSCOPY OF THE FLARES SIMULTANEOUSLY OBSERVED BY XMM-Newton AND NuSTAR.
Model 1a Parameters flare 4 4 5 6 6 7
NH (10
22 cm−2) 1.08+0.28
−0.29 0.94
+0.31
−0.30 0.89
+0.25
−0.24 1.15
+0.21
−0.20 1.00
+0.24
−0.24 1.3
+0.1
−0.1
kTBB (keV) 1.68
+0.43
−0.22 1.47
+0.27
−0.18 1.51
+0.39
−0.16 1.88
+0.13
−0.10 1.71
+0.15
−0.12 1.94
+0.07
−0.07
RBB (m) 480
+180
−120
600+250
−160
630+200
−120
450+60
−50
520+90
−80
380+10
−10
Γ 0.54+0.23
−0.36 0.29
+0.31
−0.94 0.43
+0.25
−0.40 0.85
+0.13
−0.14 0.64
+0.19
−0.29 1.11
+0.05
−0.05
Ecut (keV) 6± 6 6.4
+1.2
−1.6 7
+11
−7 21
+2.5
−2.2 18.6
+2.3
−3.2 29
+3
−2
E f old (keV) 15
+6
−4
12+4
−4
13+5
−3
12+7
−4
9.9+3.5
−2.5 < 25
Depthcycl none 0.45
+0.30
−0.28 none none 0.64
+0.32
−0.33 none
Ecycl (keV) none 18.1
+1.0
−1.8 none none 17.4
+0.64
−0.67 none
Widthcycl (keV) none 1
+4
−1
none none 1+1.4
−1
none
Line Signif.b none 2.8 σ none none 3.35 σ none
F (10−10 erg cm−2 s−1)c 2.8±0.4 2.8±0.4 3.1±0.4 2.4±0.2 2.4±0.2 1.6±0.1
L (1036 erg s−1) c 1.6±0.2 1.6±0.4 1.8±0.2 1.4±0.1 1.4±0.1 0.94±0.06
χ2
ν
/dof 0.989/457 0.978/454 1.018/503 0.869/492 0.851/489 0.929/271
Model 2a Parameters flare 4 4 5 6 6 7
NH (10
22 cm−2) 1.47+0.28
−0.38 1.37
+0.30
−0.42 1.30
+0.28
−0.43 1.37
+0.24
−0.26 1.6
+0.2
−0.2 1.52
+0.38
−0.79
NHpcfabs (10
22 cm−2) 8± 4 7+4
−3
7± 4 8+6
−4
10.6+2.8
−2.3 10
+14
−9
fpcfabs 0.55
+0.09
−0.14 0.51
+0.12
−0.13 0.55
+0.08
−0.13 0.49
+0.18
−0.15 0.66
+0.04
−0.05 0.4
+0.4
−0.3
Γ 1.16+0.20
−0.24 1.05
+0.24
−0.21 1.16
+0.19
−0.27 1.04
+0.40
−0.24 1.45
+0.10
−0.10 1.1
+0.6
−0.4
Ecut (keV) 6.7
+1.2
−1.3 6.2
+1.4
−1.1 6.7
+1.0
−1.5 5
+4
−5
20+2
−3
5+5
−5
E f old (keV) 20± 5 20
+6
−4
20+7
−6
18+16
−5
15+8
−5
15+20
−5
Depthcycl none 0.43
+0.28
−0.29 none none 0.52
+0.26
−0.26 none
Ecycl (keV) none 18.0
+1.0
−1.8 none none 17.2
+0.6
−0.7 none
Widthcycl (keV) none 1
+5
−1
none none 1+1.8
−1
none
Line Signif.b none 2.8 σ none none 3.87 σ none
F (10−10 erg cm−2 s−1)c 3.17±0.11 3.15±0.1 3.6±0.1 2.8±0.1 2.8±0.1 2.0±0.1
L (1036 erg s−1) c 1.86±0.07 1.85±0.06 2.1±0.06 1.6±0.1 1.6±0.1 1.2±0.1
χ2
ν
/dof 0.998/457 0.987/454 1.029/503 0.871/492 0.863/489 0.943/271
NOTE. — a Model 1 is a double-component continuum made of a blackbody plus a PLCUT model. Model 2 is a PLCUT model modified by a partial covering
fraction absorption PCFABS.
b This line significance was calculated by increasing the∆χ2 value until the confidence region boundary of the depth (Depthcycl ) of the cyclotron line crosses 0.
c Fluxes (corrected for the absorption) and luminosities are in the energy range 0.1-100 keV.
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FIG. 6.— NuSTAR temporal-selected spectroscopy (FPMA in black, FPMB
in red) of the peak of flare n. 1. Counts spectrum is shown (together with the
residuals), fitted with an absorbed PLCUT model (Table 2).
TABLE 5
BROAD-BAND SPECTRUM DURING THE LOWEST INTENSITY STATE
(0.8–30 KEV).
Parameter Model 1 Model 2
NH (10
22 cm−2) 1.52+0.37
−0.33 0.84
+0.93
−0.77
NHpcfabs (10
22 cm−2) none 2.1+2.2
−0.7
fpcfabs none 0.82
+0.16
−0.52
kTBB (keV) 1.43
+0.19
−0.15 none
RBB (m) 280± 70 none
Γ
a 0.78+0.18
−0.21 0.98
+0.09
−0.08
Ecut (keV) 9.7 fixed 5.5 fixed
E f old (keV) 14.3 fixed 15.3 fixed
Eline (keV) 6.44 fixed 6.45 fixed
σline (keV) 0 fixed 0 fixed
Fluxline (ph cm
−2 s−1) 3.2×10−5 fixed 3.2×10−5 fixed
EWline
b (eV) < 120 < 120
Fluxc (erg cm−2 s−1) (5.8±0.6) ×10−11 (6.1±0.2) ×10−11
Luminosityc (1035 erg s−1) 3.4±0.4 3.6±0.1
χ2
ν
/dof 0.911/267 0.911/267
NOTE. — a Power-law photon index.
b Equivalent width.
c Fluxes (corrected for the absorption) and luminosities are in the energy
range 0.1–100 keV. The flux reported for Model 2 is corrected for both ab-
sorbing components
3.2.5. Hardness-ratio-selected spectroscopy
We investigated the spectral variability along the observa-
tion plotting different hardness ratios versus time. What-
ever choice of hardness ratio (in both XMM-Newton and
NuSTAR data), some level of scatter around a mean value
was always present, but with no clear trend suggesting a
specific and meaningful hardness-ratio-selected spectroscopy.
The only exception was in case of the hardness ratio of
4-12 keV to 1-4 keV count rates (Fig. 11): a hard peak
lasting ∼500 s in the hardness ratio was found after 104 s
from the start of the XMM-Newton observation. We ex-
tracted an XMM-Newton spectrum from this time inter-
val (“hard dip”, hereafter), as it was not simultaneously
covered by NuSTAR. Meaningful spectroscopy was pos-
sible in the energy range 1-10 keV. A single absorbed
power law model resulted in an absorbing column den-
sity NH=(3.2±0.6)×10
22 cm−2, Γ=0.8+0.16
−0.15, and a flux cor-
rected for the absorption F=3.9×10−11 erg cm−2 s−1 (1–10
keV). Adopting more complicated models (like Model 1 and
Model 2) is meaningless, since several spectral parameters are
unconstrained.
4. DISCUSSION
We have reported on the joint observation of the SFXT
IGRJ11215–5952 with XMM-Newton and NuSTAR, per-
formed during the expected times of the 2016 February out-
burst. These observations caught the source in outburst at its
peak (LX∼10
36 erg s−1), as confirmed by the monitoring of
the light curve performed with Swi f t/XRT (Fig. 1).
The X–ray light curve showed several bright flares with
a dynamic range of one order of magnitude during the out-
burst. The X–ray pulsar did not show evidence for spin period
derivatives with respect to previous observations performed a
decade ago (Swank et al. 2007; Sidoli et al. 2007). The ro-
tational modulation is detected for the first time also at hard
energies with NuSTAR, with an energy-dependent spin pro-
file, evolving from an asymmetric main peak dominating at
softer energies, to a single more symmetric peak at hard ener-
gies above∼12 keV.
The source spectrum could be investigated for the first time
simultaneously from 0.4 to 78 keV. It showed a complex struc-
ture that could not be described by a single absorbed power
law, with a soft excess together with a cutoff at high ener-
gies. Different spectral models were investigated, obtaining
a good fit with a phenomenological double-component con-
tinuum composed by a blackbody together with a PLCUT
model (Model 1). This description is typically adopted in the
X–ray spectroscopy of highly magnetized accreting pulsars
(Coburn et al. 2002), where the power law is due to Comp-
tonization in the accretion column and the blackbody could
have different origins (see below).
We also explored an alternative deconvolution of the spec-
trum (a single-component model composed by a PLCUT),
where the structures in the residuals at softer energieswere ac-
counted for by a partially covering absorption model, instead
of a blackbody. This second model (Model 2) resulted into an
equivalently good description of the spectrum and it is worth
reporting, since it is also adopted in the literature when in-
vestigating spectra from HMXB pulsars (e.g. Malacaria et al.
2016). A narrow emission line is present in the time-averaged
spectrum at an energy of 6.44 keV (consistent with fluorescent
emission from almost neutral iron) and a low equivalent width
of 40 eV. During other spectral selections, the faint emission
line is not clearly visible, although it is still consistent with
being there with a similar flux. Fe lines with similar proper-
ties are normally found in the X-ray spectra of HMXB pulsars
and are interpreted as produced by fluorescent emission in the
wind of the supergiant donor illuminated by the X–ray pulsar
(Giménez-García et al. 2015).
In both models, the PLCUT continuum resulted in a flat
slope (with a harder photon index in Model 1 than in Model
2), and in energies of the cutoff that are in agreement with
what found in other X–ray pulsars spectra (Coburn et al.
2002). The blackbody emission in Model 1 resulted in a
hot temperature of 1.6 keV from a small area of 460 me-
ters (at a distance of 7 kpc). Such soft excesses have
been discovered in different types of accreting pulsars (see
La Palombara & Mereghetti 2006 for a review), with two dif-
ferent properties: hot temperatures (1-2 keV) with small emis-
sion radii of a few hundred meters, versus colder blackbodies
(0.1-0.5 keV) with a much larger emitting radius (RBB∼100
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FIG. 7.— Time-energy image (normalized to the time-averaged NuSTAR spectrum and light curve), using NuSTAR events in the 3-40 keV energy range. The
color scale marks in blue/black a deficit of counts (i.e. an absorption feature) with respect to the time-averaged NuSTAR spectrum (whose level is at 1). The
image at the highest energies is more noisy due to much lower number of counts per pixel.
TABLE 6
BROAD-BAND (0.4-78 KEV) SPIN-PHASE-RESOLVED SPECTROSCOPYa
Model 1 Parameters ∆φ=0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0
NH (10
22 cm−2) 0.91+0.20
−0.14 1.0± 0.16 1.01
+0.13
−0.18 1.04
+0.16
−0.17 1.20
+0.23
−0.21
kTBB (keV) 1.39
+0.08
−0.10 1.73
+0.28
−0.12 1.92
+0.09
−0.16 1.65
+0.12
−0.10 1.78
+0.20
−0.09
RBB (m) 630
+60
−80
490+75
−60
400+50
−30
430+60
−50
430+70
−50
Γ −0.16+0.38
−0.57 0.60
+0.36
−0.19 0.96
+0.09
−0.21 0.85
+0.14
−0.17 0.75
+0.24
−0.24
Ecut (keV) 7.1
+0.8
−0.9 9
+7
−9
21+2
−5
13.0+1.7
−1.7 10
+6
−2
E f old (keV) 9.5
+2.4
−2.1 16
+8
−3
12+6
−3
15+3
−3
21+20
−7
Pow Fluxb (10−11 erg cm−2 s−1) 3.6± 0.7 4.4± 0.4 2.62± 0.15 2.51+0.15
−0.29 2.9
+0.3
−0.3
χ2
ν
/dof 0.988/782 1.014/943 1.011/749 1.043/655 0.997/752
Model 2 Parameters ∆φ=0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0
NH (10
22 cm−2) 0.9+0.41
−0.15 1.38± 0.18 1.26
+0.14
−0.15 1.45
+0.18
−0.21 1.50
+0.22
−0.20
NHpcfabs (10
22 cm−2) 3.2+1.0
−0.19 7.6
+2.7
−2.6 7.9
+2.2
−2.1 8.6
+2.7
−3.0 6.8
+2.7
−2.1
fpcfabs 0.77
+0.01
−0.11 0.54
+0.07
−0.09 0.57
+0.07
−0.08 0.56
+0.09
−0.17 0.58
+0.07
−0.08
Γ 1.00+0.09
−0.04 1.13
+0.17
−0.18 1.22
+0.15
−0.15 1.35
+0.21
−0.37 1.18
+0.17
−0.15
Ecut (keV) 6.5
+0.7
−0.6 6.4
+1.1
−0.9 6.5
+0.8
−0.8 6.4
+1.6
−6.4 6.4
+0.89
−0.72
E f old (keV) 19.8
+2.6
−1.2 18
+5
−3
17+4
−3
20+7
−6
18+6
−3
Pow Fluxb (10−11 erg cm−2 s−1) 7.0+0.16
−0.13 9.8
+0.5
−0.4 7.5
+0.38
−0.32 6.1
+0.39
−0.33 7.3
+0.4
−0.3
χ2
ν
/dof 0.984/782 1.027/943 1.013/749 1.046/655 0.987/752
NOTE. — a XMM-Newton and NuSTAR strictly simultaneous spectra. Model 1 is a double-component continuum made of a blackbody plus a PLCUT model.
Model 2 is a PLCUT model modified by a partial covering fraction absorption PCFABS
bPower-law flux (background corrected) in the energy band 2-10 keV.
km). The blackbody component in IGR J11215–5952 is con-
sistent with what found in low luminosity accreting pulsars
(LX∼10
34-1036 erg s−1), where the hot and small blackbody
is thought to be emitted from the polar cap of the accreting
pulsar (La Palombara et al. 2012).
Comparing the X-ray flare spectra, we rely on the broad-
band XMM-Newton and NuSTAR simultaneous spectroscopy
(Table 4). In this case, only Model 1 provided evidence of
variability in the spectral parameters with flux, where harder
slopes are found during brighter flare peaks (the faintest
flare n.7 shows a significantly steeper power law), again in
agreement with what usually found in HMXB pulsars (e.g.,
Walter et al. 2015; Martínez-Núñez et al. 2017 for reviews).
On the other hand, a similar trend in not present when us-
ing Model 2, where all parameters are consistent with being
constant within the 90% uncertainties. When compared with
the spectrum extracted from the low intensity region of the
light curve, only Model 1 resulted in softer spectral parame-
ters when the source is fainter (as usually observed in HMXB
pulsars and SFXTs).
The absorption column density resulting from both mod-
els is always in excess of the total Galactic (8×1021 cm−2,
Dickey & Lockman 1990), consistent with local absorbing
material, explained by the supergiant outflowing wind. In
Model 2, the power law continuum is partially covered
(around 50%) by an additional local absorbing column den-
sity. The physical meaning of a partial covering absorption
might be ascribed to the clumpiness of the circumsource ma-
terial, where the partial absorbers could be due to blobs in the
donor wind. A denser wind clump passing in front of the X-
ray source could also explain the hard dip lasting about 500 s
caught during the uninterrupted XMM-Newton observation.
During the spectroscopy of single flare peaks, we found a
hint of an absorption feature at 17 keV that, if described with
a cyclotron absorption model, resulted in a line significance
of 2.63 σ (including trials) derived by means of Monte Carlo
simulations. Given the low significance, the presence of this
line cannot be claimed and needs further confirmation. How-
ever, we note that if real, it is variable, since it is present nei-
ther in the time-averaged spectrum nor in the spin-phase se-
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FIG. 8.— Broad-band spectrum of the lowest intensity state. Counts spectra
are shown together with the residuals (in units of standard deviation) with
respect to a simple absorbed power law, to clearly show the structures in the
residuals.
lected spectroscopy. This might resemble the behavior in an-
other SFXT, IGRJ17544-2619, where a temporary cyclotron
line was found. The cyclotron line at 16.8 keV discovered in
NuSTAR data by Bhalerao et al. (2015), was not confirmed by
Bozzo et al. (2016) during another NuSTAR observation at a
similar source flux.
4.1. The SFXT scenario
After ten years since SFXTs discovery, a huge progress has
been made in understanding their behaviour.
At first, it was proposed that Bondi-Hoyle direct accre-
tion from dense clumps in the supergiant wind could explain
the sporadic flaring activity in SFXTs (in’t Zand 2005). A
comparison of the clump properties implied by the SFXT X–
ray light curves with what predicted by the theory of line-
driven hot stellar winds indicate that direct Bondi-Hoyle ac-
cretion from clumpy winds cannot reproduce the X-ray data
(see Martínez-Núñez et al. 2017 and references therein for a
comprehensive review). One of the difficulties of the clumpy
wind scenario is that the accretedmass derived from the SFXT
X–ray flares (1019-1022 g) is typically larger than what ex-
pected from a single clump in stellar winds (∼1018 g). The
IGR J11215–5952 flare peak luminosity implies an accreted
mass of ∼1019 g onto the NS, confirming once more this dis-
crepancy. Note that this mass should be considered as a lower
limit to the clump mass, since a wind blob, if it is larger than
the accretion radius, might be only partially accreted by the
pulsar.
Currently, two physical mechanisms might explain the
SFXT flares in a 187 s pulsar like IGR J11215–5952:
either a centrifugal barrier (Grebenev & Sunyaev 2007;
Bozzo et al. 2008)), or a quasi-spherical settling accretion
regime (Shakura et al. 2012, 2014). In the first case, rescaling
the Grebenev & Sunyaev (2007) equations to IGR J11215–
5952 (spin period of 187 s and orbital period of 165 days)
we derived a magnetic field of 1.2×1013 G needed to have an
operating centrifugal barrier (although we note that the equa-
tions reported by Grebenev & Sunyaev (2007) assume a cir-
cular orbit). If we adopt the average outburst X-ray luminosity
of 1036 erg s−1 instead of the wind parameters in this scenario,
we found an even higher estimate for the magnetic field of
∼5×1013G needed for the centrifugal barrier to operate. Note
that also the source distance of 7 kpc is not accurate, but it
should be considered as a lower limit (Lorenzo et al. 2014). In
the second case, the settling accretion scenario sets in in slow
pulsars (spin period >70 s) when the X–ray luminosity is be-
low 4×1036 erg s−1 (Shakura et al. 2012). Below this thresh-
old the matter captured inside the Bondi radius is not able to
efficiently cool down by Compton processes, so that it cannot
penetrate the NS magnetosphere bymeans of Rayleigh-Taylor
instabilities. Hot matter accumulates above the NS magneto-
sphere forming a quasi-static shell that cools down only by
inefficient radiative cooling. Shakura et al. (2014) proposed
that the bright SFXT flares are produced by the collapse onto
the NS of this hot shell, triggered by reconnection events be-
tween the magnetic field carried by the accreting matter and
the neutron star magnetosphere.
Quasi-periodic flaring activity that has often been observed
to punctuate the SFXT outbursts (e.g. SAX J1818.6-1703,
Boon et al. 2016), would be produced when the shell, after a
collapse, is replenished by new wind capture, so the flares re-
peat on a regular timescale, as long as the mass accretion into
the magnetosphere is allowed. The energy normally released
in an SFXT bright flare (∼1039 erg) is in agreement with esti-
mated mass of the hot shell (Shakura et al. 2014), that is also
consistent with the accreted mass we have derived here from
the luminosity of the flares in IGR J11215–5952 (∼1019 g)
Our XMM-Newton and NuSTAR observations of
IGR J11215–5952 allowed us also to observe, for the
first time in this source, X-ray flares repeating every ∼2-2.5
ks, a property that in the settling accretion scenario is
explained in a natural way. Note that the IGR J11215–5952
X–ray luminosity during outburst is fully compatible with
the luminosity threshold predicted by Shakura et al. (2012)
for the onset of the settling accretion. All these observational
facts strongly favour an interpretation of the IGR J11215–
5952 SFXT properties within the quasi-spherical settling
accretion model.
Finally, we note that if the hint of a cyclotron line at 17 keV
will be confirmed by future observations (implying a NS sur-
face magnetic field of 2×1012 G), it will reinforce the inter-
pretation of the SFXT behavior within the settling accretion
scenario.
5. CONCLUSIONS
We have performed for the first time a temporal and spec-
tral analysis of the SFXT pulsar IGR J11215–5952 simulta-
neously in the broad-band 0.4-78 keV. Indeed, the broad-
est X–ray energy band previously available for this source
was the 5–50 keV range, thanks to INTEGRAL observations
(Sidoli et al. 2006). The spin period (187.0 ±0.4 s) did not
show evidence for variability with respect to previous obser-
vations. Pulsations were detected for the first time above
12 keV, showing an energy dependent spin profile. The
broad-band spectra was successfully deconvolved adopting a
double-component model made of a power law with a high
energy cutoff together with a hot blackbody, which we inter-
pret as emission from the polar caps of the NS. Alternatively,
a partial covering model replacing the blackbody component
resulted into an equally good description of the data. The
source light curve showed several bright flares spanning one
order of magnitude in intensity, reaching 2×1036 erg s−1 at
peak. The X–ray luminosity in outburst, together with the
quasi-periodicity in the flaring activity caught during the unin-
terruptedXMM-Newton observation, favour a quasi-spherical
12
FIG. 9.— Results of the spin-phase-resolved spectroscopy of XMM-Newton and NuSTAR simultaneous observations (the spectral parameters and their physical
units are the same reported in Table 6). Left panel shows the spectral paramenters with Model 1, while Right panel the results with Model 2. The top panels
display the pulse profiles in two energy ranges for comparison: 0.4-12 keV (solid line) and 12-78 keV (dashed line).
settling accretion model as the physical mechanism explain-
ing the SFXT behavior, although alternative possibilities (e.g.
centrifugal barrier) cannot be ruled out.
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